Until 2011, oral vancomycin was the only therapy approved by the United States (US) Food and Drug Administration to treat *Clostridium difficile* infections (CDIs), and is currently considered the gold standard comparator in clinical trials. The most recent US guidelines for treating CDIs, published by the Society for Healthcare and Epidemiology of America and the Infectious Disease Society of America, recommends immediate cessation of antimicrobial treatment followed by therapy with oral metronidazole or oral vancomycin ([@b1-jidmm-26-305]). Oral metronidazole at a dose of 500 mg three times daily for 10 to 14 days is preferred for a mild or moderate first episode. Oral vancomycin at 125 mg four times daily for 10 to 14 days is the agent of choice for a severe first episode. In severe, complicated CDI cases (presence of hypotension, ileus, shock or megacolon), oral vancomycin with or without intravenous metronidazole is recommended. First recurrent CDIs are to be treated similarly to an initial episode, while a tapered and/or pulse regimen of oral vancomycin is recommended for second and subsequent episodes.

Several limitations exist with current CDI therapies. While oral metronidazole is effective in treating mild to moderate CDIs ([@b2-jidmm-26-305]), it has been demonstrated to be less effective than oral vancomycin for severe CDIs in two of three clinical trials ([@b2-jidmm-26-305]--[@b6-jidmm-26-305]). Oral vancomycin disrupts normal gut flora ([@b7-jidmm-26-305]), and has a four times per day dosing regimen ([@b1-jidmm-26-305],[@b8-jidmm-26-305]). Both oral vancomycin and oral metronidazole have been associated with colonization of vancomycin-resistant enterococci (VRE) ([@b9-jidmm-26-305]--[@b11-jidmm-26-305]). Recurrent infection occurs in approximately 20% to 30% of patients ([@b12-jidmm-26-305]--[@b14-jidmm-26-305]), with higher CDI recurrence rates observed in patients who have experienced multiple episodes ([@b12-jidmm-26-305]) and in subgroups of high-risk patients (oncology, renal impairment, concomitant antibiotics, increased age, previous CDI episode) ([@b15-jidmm-26-305]--[@b19-jidmm-26-305]).

Fidaxomicin (previously known as OPT-80, PAR-101, tiacumicin B and difimicin) received Health Canada approval (Dificid, Merck and Co, USA) in June 2012 for the treatment of adults with a CDI (Dificid product monograph) ([@b20-jidmm-26-305]). Fidaxomicin is marketed as a 200 mg tablet and is recommended to be administered orally twice daily for 10 days. The purpose of the present article was to review the available data on fidaxomicin regarding chemistry, mechanisms of action and resistance, in vitro activity, pharmacokinetic and pharmacodynamic properties, efficacy and safety in clinical trials, and place in therapy.

CHEMISTRY
=========

Fidaxomicin is a first-in-class macrocyclic antibacterial agent for treatment of CDIs ([@b21-jidmm-26-305]). It is an unsaturated, 18-membered macrocyclic lactone ring with a 7-carbon sugar constituent at carbon 12 and a 6-deoxy sugar at carbon 21 ([Figure 1](#f1-jidmm-26-305){ref-type="fig"}). Fidaxomicin is produced as a byproduct of fermentation by the actinomycete *Dactylosporangium aurantiacum* subspecies *hamdenesis* and has a molecular weight of 1056 g/mol. In vivo, fidaxomicin is primarily hydrolyzed at the fourth position isobutyryl ester by an unknown esterase to produce its main metabolite, OP-1118, which also provides resistance against *C difficile*.

MECHANISM OF ACTION
===================

Fidaxomicin produces its antibacterial effects by inhibiting bacterial RNA polymerase at transcription initiation ([@b22-jidmm-26-305],[@b23-jidmm-26-305]). Although fidaxomicin and rifamycins are both inhibitors of bacterial transcription, fidaxomicin acts at an earlier step in the transcription initiation pathway ([@b24-jidmm-26-305]). Specifically, fidaxomicin binds to the DNA template-RNA polymerase complex and prevents the initial separation of DNA strands (ie, formation of the open DNA template-RNA polymerase complex), which precedes messenger RNA synthesis by inhibiting the σ subunit ([@b23-jidmm-26-305],[@b25-jidmm-26-305]). Fidaxomicin's unique target site may explain its limited spectrum of antimicrobial activity because σ subunits differ among bacterial species ([@b26-jidmm-26-305]). Isolates of *C difficile* resistant to rifamycins or to other antimicrobial classes (cephalosporins, fluoroquinolones, clindamycin) are not cross-resistant to fidaxomicin ([@b23-jidmm-26-305],[@b24-jidmm-26-305],[@b27-jidmm-26-305]).

MECHANISM OF RESISTANCE
=======================

A study to determine the frequency of spontaneous (single step) resistance to fidaxomicin at four and eight times the minimum inhibitory concentration (MIC) in *C difficile* demonstrated low mutation rates (\<1.4×10^−9^) ([@b24-jidmm-26-305]). The resistant clones demonstrated stable reduced susceptibility (MICs of 2 μg/mL or 4 μg/mL) and carried mutations in either *rpoB* (Gln1074Lys or Val1143Phe) or *rpoC* (Asp237Tyr) genes, which cluster around the fidaxomicin binding site on RNA polymerase and did not demonstrate cross-resistance with other classes of antibiotics, including rifamycins ([@b24-jidmm-26-305]). Another study using site-directed mutagenesis revealed that an isolate of *C difficile* with a Val1143Asp mutation demonstrated impaired fitness and delayed growth ([@b28-jidmm-26-305]). Other reported laboratory-generated mutations included β' Arg89Gly, β Gln1074His, β Val1143Gln and β Val1143Asp ([@b29-jidmm-26-305]).

Resistance to fidaxomicin did not develop during treatment in either phase 3 clinical study, although a single isolate from a cured patient (200 mg twice daily of fidaxomicin for 10 days) presented an elevated fidaxomicin MIC of 16 μg/mL at the time of recurrence ([@b30-jidmm-26-305]). This isolate contained a single mutation in *rpoC* (Val1143Gly) ([@b31-jidmm-26-305]).

Babakhani et al ([@b32-jidmm-26-305]) and Leeds et al ([@b33-jidmm-26-305]) generated stable (fidaxomicin MIC 1 μg/mL to 4 μg/mL) mutants by serial passage in the laboratory. Leeds et al ([@b33-jidmm-26-305]) found mutations in *rpoB* and CD22120 (*marR* homologue), a mechanism outside of the RNA polymerase. Based on the available data, resistance to fidaxomicin is not expected; however, prospective collection of long-term surveillance data is prudent.

MICROBIOLOGY
============

Fidaxomicin is a narrow-spectrum agent that has been demonstrated to be selectively active against Gram-positive anaerobes ([Table 1](#t1-jidmm-26-305){ref-type="table"}), including *Clostridium* (particularly *C difficile* and *Clostridium perfringens*) ([@b31-jidmm-26-305],[@b34-jidmm-26-305]--[@b41-jidmm-26-305]). It is less active against Gram-positive, nonspore-forming bacilli (eg, *Propionibacterium* and *Lactobacilli*) and *Peptostreptococci* ([@b37-jidmm-26-305]), and is poorly active against anaerobic Gram-negative bacilli ([@b38-jidmm-26-305]). Fidaxomicin MICs for most aerobic and anaerobic Gram-negative bacilli (eg, Enterobacteriaceae, *Pseudomonas*, *Campylobacter*, *Helicobacter*, *Haemophilus*, *Bacteroides*, *Fusobacterium*, *Porphyromonas*, *Prevotella* and *Veillonella*) exceed 32 μg/mL to 64 μg/mL ([@b31-jidmm-26-305]). Fidaxomicin is inactive (MIC \>64 μg/mL) against *Candida* species ([@b31-jidmm-26-305]).

[Table 2](#t2-jidmm-26-305){ref-type="table"} summarizes the in vitro activities of fidaxomicin, OP-1118, metronidazole and vancomycin against *C difficile,* tested using the currently published Clinical and Laboratory Standards Institute method ([@b27-jidmm-26-305],[@b30-jidmm-26-305],[@b31-jidmm-26-305],[@b41-jidmm-26-305]--[@b45-jidmm-26-305]). Fidaxomicin possesses potent activity against *C difficile*, including MICs required to inhibit growth of 50% of organisms (MIC~50~s) ranging from 0.06 μg/mL to 0.25 μg/mL and MICs required to inhibit growth of 90% of organisms (MIC~90~s) ranging from 0.125 μg/mL to 0.5 μg/mL ([@b27-jidmm-26-305],[@b30-jidmm-26-305],[@b31-jidmm-26-305],[@b41-jidmm-26-305]--[@b45-jidmm-26-305]). Hecht et al ([@b42-jidmm-26-305]) and Citron et al ([@b43-jidmm-26-305]) did not identify any difference in MIC related to restriction endo-nuclease analysis BI (NAP1/O27) group status. Goldstein et al ([@b30-jidmm-26-305]) reported higher MICs for fidaxomicin, vancomycin, metronidazole and rifaximin for BI isolates than for non-BI isolates. Goldstein et al ([@b30-jidmm-26-305]) and Louie et al ([@b46-jidmm-26-305]) also reported that fidaxomicin susceptibility of baseline isolates did not predict clinical cure, failure or recurrence. In comparison with fidaxomicin, vancomycin and metronidazole, MIC~90~s for *C difficile* were 0.5 μg/mL to 2 μg/mL and 1 μg/mL, respectively ([Table 2](#t2-jidmm-26-305){ref-type="table"}). The antibacterial activity of OP-1118 (MIC~90~, 8 μg/mL) was approximately eight to 16 times lower than the activity of fidaxomicin ([@b31-jidmm-26-305]).

Fidaxomicin has been reported to have a low ecological impact on the intestinal microbiome ([@b7-jidmm-26-305],[@b47-jidmm-26-305]). Babakhani et al ([@b48-jidmm-26-305]) speculate, based on in vitro data, that the antibacterial activity of fidaxomicin should not be altered under physiological conditions in the human intestine.

PHARMACOKINETICS
================

When administered orally, fidaxomicin (similar to oral vancomycin) is minimally absorbed, being excreted almost entirely through the feces ([@b46-jidmm-26-305],[@b49-jidmm-26-305],[@b50-jidmm-26-305]). Mean fecal concentration levels (on day 10 of dosing) of fidaxomicin and OP-1118 for patients with CDI who were treated for 10 days with 100 mg, 200 mg or 400 mg per day of fidaxomicin (50 mg, 100 mg and 200 mg twice daily) were 256 μg/g and 393 μg/g, 442 μg/g and 430 μg/g, and 1433 μg/g and 760 μg/g, respectively ([@b46-jidmm-26-305]) ([Table 3](#t3-jidmm-26-305){ref-type="table"}). If the MIC~90~ for fidaxomicin versus *C difficile* is 0.5 μg/mL ([Table 2](#t2-jidmm-26-305){ref-type="table"}) and the mean fecal fidaxomicin concentration is approximately 1400 μg/g, it indicates the mean fecal fidaxomicin concentrations are approximately 2800 times greater than the MIC~90~ of *C difficile* (this compares with approximately 1000 times greater than the MIC~90~ of *C difficile* for 125 mg oral vancomycin four times per day and approximately one to five times greater than the MIC~90~ of *C difficile* for oral metronidazole 500 mg three times per day) ([@b46-jidmm-26-305]).

In the same open-label dose-ranging trial ([@b46-jidmm-26-305]), plasma concentration levels of fidaxomicin and OP-1118 (from patients who received fidaxomicin and had \>1 plasma pharmacokinetic sample collected after the first dose) were below the limit of quantification (5 ng/mL) for 22 of 46 patients, and \>90% of patients had plasma concentration levels \<20 ng/mL ([Table 3](#t3-jidmm-26-305){ref-type="table"}). In addition, Sears et al ([@b49-jidmm-26-305]) demonstrated that fidaxomicin serum concentration levels did not increase compared with controls for patients with mild, moderate or severe renal impairment. Therefore, the majority of fidaxomicin and its active metabolite OP-1118 are not absorbed systemically, rather, they are primarily excreted in the feces following oral administration.

PHARMACODYNAMICS
================

Fidaxomicin and OP-1118 are bactericidal against *C difficile* in vitro (at four times the MIC, ≥3 log~10~ in 48 h), as well as against laboratory generated mutants with reduced susceptibility to fidaxomicin (MIC 1 μg/mL to 4 μg/mL) ([@b32-jidmm-26-305],[@b51-jidmm-26-305]). The postantibiotic effect of fidaxomicin extends for approximately 10 h (range 5.5 h to 12.4 h), compared with vancomycin, which has a postantibiotic effect of 0 h to 1.5 h ([@b51-jidmm-26-305]).

Fidaxomicin and OP-1118 have been demonstrated to inhibit toxin A and B production in *C difficile* in vitro ([@b52-jidmm-26-305]). The ability of fidaxomicin and OP-1118 to inhibit expression of *C difficile* toxin A and B, and their gene products (*tcdA* and *tcdB*) was examined in vitro for two isolates; one isolate that demonstrated a high level of toxin expression and a second isolate that was a BI (NAP1/O27) strain ([@b52-jidmm-26-305]). At ¼× the MIC, fidaxomicin and its metabolite reduced toxin expression by \>60% for up to one week. Vancomycin and metronidazole (¼× the MIC) had no effect on toxin expression. At subinhibitory concentrations (¼× the MIC), both fidaxomicin and OP-1118 reduced toxin A-mediated enteritis in a mouse ileum model and cell rounding in human colonic CCD-18Co fibroblasts ([@b53-jidmm-26-305]). In clinical trials, during the post-CDI treatment period, there was no difference among fidaxomicin and vancomycin treatment groups in *C difficile* colony forming units (CFUs) over time; however, toxin expression was reduced by 50% with fidaxomicin therapy ([@b47-jidmm-26-305]).

Fidaxomicin, its metabolite OP-1118 and comparator drugs were assessed in vitro for their impact on new spore formation ([@b54-jidmm-26-305]). At ¼× the MIC, fidaxomicin and OP-1118 inhibited spore production in both non-BI strains and in a BI strain (NAP1/O27). In contrast, vancomycin, metronidazole and rifaximin at sub-MIC drug concentrations failed to inhibit sporulation. In clinical trials, fecal spore counts (CFU count/g) for patients who had received fidaxomicin were 2.3 log~10~ lower at 21 to 28 days post-therapy than in patients who had received vancomycin ([@b46-jidmm-26-305]). Inhibition of sporulation may provide, in part, a mechanism by which fidaxomicin improves sustained response and lowers the rate of recurrent infection, and may also be useful in decreasing *C difficile* shedding and transmission. Fidaxomicin and OP-1118 do not interfere with the initiation of spore germination, but rather inhibit outgrowth of vegetative cells from germinated spores ([@b55-jidmm-26-305]).

Unlike oral vancomycin and oral metronidazole, fidaxomicin has minimal effects on the anaerobic colonic flora ([@b7-jidmm-26-305],[@b37-jidmm-26-305],[@b38-jidmm-26-305],[@b46-jidmm-26-305],[@b47-jidmm-26-305],[@b56-jidmm-26-305]). Fecal samples from patients with CDI who were treated with oral fidaxomicin (200 mg twice per day) or oral vancomycin (125 mg four times per day) for 10 days showed sparing of major components of the anaerobic microflora (eg, *Bacteroides*/*Prevotella* group organisms as well as *Clostridium coccoides* and *Clostridium leptum*) with fidaxomicin, but not with vancomycin. In the vancomycin treatment arm, there was a 2 log~10~ CFU/g to 4 log~10~ CFU/g reduction in anaerobes (*Bacteroides*/*Prevotella* group organisms), which persisted until day 28 of the study ([@b47-jidmm-26-305]). The investigators concluded that whereas oral vancomycin and oral fidaxomicin were equally effective in resolving CDI symptoms, preservation of the normal colonic microflora by fidaxomicin was associated with a lower likelihood of CDI recurrence. Nerandzic et al ([@b57-jidmm-26-305]) demonstrated that colonization with VRE and *Candida* were reduced by oral fidaxomicin compared with oral vancomycin in CDI patients who were negative for VRE and *Candida* before therapy. In patients with stool culture initially negative for VRE, 31% (n=160) of patients acquired VRE when treated with vancomycin versus only 7% (n=115) acquisition of VRE in fidaxomicin-treated patients (P=0.001) ([@b57-jidmm-26-305]).

CLINICAL TRIALS
===============

Two large, randomized, multicentre, double-blind phase 3 clinical trials examined the efficacy and safety of oral fidaxomicin versus oral vancomycin in adult patients with CDI ([@b13-jidmm-26-305],[@b14-jidmm-26-305]). Study OPT-80-003 comprised 596 patients from the US and Canada ([@b13-jidmm-26-305]), and study OPT-80-004 comprised 509 patients from the US, Europe and Canada ([@b14-jidmm-26-305]). Patients with confirmed CDI who were ≥16 years of age and had no history or only one previous CDI episode in the past 90 days were eligible for inclusion. The presence of CDI was defined as diarrhea with \>3 unformed stools 24 h before randomization and a positive toxin test for toxin A, B or both. Patients who were pregnant or breastfeeding, had previous fidaxomicin exposure, life-threatening or fulminant CDI, toxic megacolon, a history of ulcerative colitis or Crohn disease, or \>1 CDI episode in the preceding three months were excluded. Patients were also excluded if they were presently taking other antibiotics for CDI, although they could have received up to four doses of oral vanco-mycin or oral metronidazole in the 24 h before randomization.

Patients were randomized to receive 200 mg of oral fidaxomicin twice daily or 125 mg of oral vancomycin four times daily for 10 days. The primary end point was clinical response (clinical cure). Clinical response was the resolution of diarrhea, defined as ≤3 unformed stools for two consecutive days that was maintained through the duration of therapy with no further CDI treatment required, assessed two days after the treatment period. Secondary end points were recurrence and sustained clinical response (global cure). CDI recurrence was assessed during the 28-day period after completion of therapy and defined as the reappearance of \>3 unformed stools in any 24 h period, including a positive toxin test for toxin A, B or both and the need for CDI retreatment. Sustained response was the presence of clinical response and no recurrence or death during the 28-day follow-up period. The modified intent-to-treat (mITT) and per protocol populations were analyzed. The mITT analysis is presented in the present review. A one-sided lower 97.5% CI was used in analysis of the primary end point, with a noninferiority margin of −10% absolute difference. Secondary endpoints of recurrence and sustained clinical response were analyzed using two sided tests of population proportions, with α=0.05.

The treatment outcomes for study OPT-80-003 and OPT-80-004 are summarized in [Table 4](#t4-jidmm-26-305){ref-type="table"}. In both clinical trials, oral fidaxomicin was noninferior to oral vancomycin for clinical response, with cure rates of approximately 87% in both treatment groups. Fidaxomicin demonstrated superiority to vancomycin for recurrence. The relative reduction in recurrence with fidaxomicin treatment was 39.1% and 52.8% in study OPT-80-003 and OPT-80-004, respectively. Fidaxomicin was also superior for sustained clinical response, demonstrating higher global cure rates compared with vancomycin in the two trials. In study OPT-80-003 ([@b13-jidmm-26-305]) (North America only), 38.1% of patients were infected with the BI/NAP1/027 strain. The lower CDI recurrence rate among patients treated with fidaxomicin relative to vancomycin was only observed for those infected with non-BI/NAP1/027 strains ([@b13-jidmm-26-305]). Infection rates with the BI/NAP1/027 strain differed according to region in study OPT-80-004, with rates of 45.9% in the US and Canada, and 10.4% in Europe ([@b14-jidmm-26-305]). In the OPT-80-004 study, CDI recurrence rates were numerically lower among fidaxomicin-treated patients infected with the BI/NAP1/027 and non-BI/NAP1/027 strains relative to those receiving vancomycin; however, the difference was statistically significant only for the non-BI/NAP1/027 subgroup ([@b14-jidmm-26-305]).

Post hoc analysis of the data from the two phase 3 trials were performed for subgroups of patients at high risk for acquiring CDI and/or at increased risk for recurrent disease. These subgroups, described in separate publications, included patients of increased age, patients receiving concomitant antimicrobials, patients with a previous CDI episode, patients with cancer and patients with underlying renal dysfunction ([@b15-jidmm-26-305]--[@b19-jidmm-26-305],[@b58-jidmm-26-305]). The risk for recurrence among patients treated with oral fidaxomicin relative to oral vancomycin, stratified according to subgroup, is presented in [Table 5](#t5-jidmm-26-305){ref-type="table"}. The effect of increasing age on the outcome of treatment for CDI with oral fidaxomicin in comparison with oral vancomycin was evaluated by Louie et al ([@b18-jidmm-26-305]) using regression modelling. Study participants were stratified into age categories according to 10 year increments, with the lower category including patients from 18 to 40 years of age. The model predicted a 17% increased probability for CDI recurrence for each decade after age 40. Treatment with fidaxomicin was associated with a 60% lower risk for recurrence in multivariate analysis that included adjustment for patient age ([@b18-jidmm-26-305]).

Mullane et al ([@b17-jidmm-26-305]) evaluated the efficacy of oral fidaxomicin in comparison with oral vancomycin for the treatment of CDI among patients receiving concomitant antimicrobials. Topical antimicrobials, antimicrobials used for the treatment of CDI, and antifungal and antiviral agents with no antibacterial activity were excluded from the concomitant antimicrobial definition. Results of this analysis have been published only for the per protocol population. Among 999 patients, 275 (27.5%) received concomitant antimicrobials at some time during the study, with 192 (19.2%) receiving concomitant antimicrobials concurrent with the study medication. Clinical cure was significantly lower among patients who received concomitant antimicrobials concurrent with CDI treatment, relative to those that did not (84.4% versus 92.6%; 8.2% absolute difference 95% CI 3.0% to 13.9%). Among patients who received concomitant antimicrobials concurrent with the study medications, clinical cure was 90% for patients treated with oral fidaxomicin versus 79.4% for patients treated with oral vancomycin (P=0.04). Recurrence of CDI among patients who received concomitant antimicrobials at any time during the study was lower for those treated with fidaxomicin than those who received vancomycin (16.9% versus 29.2%; P=0.048) ([@b17-jidmm-26-305]).

Cornely et al ([@b19-jidmm-26-305]) compared treatment with oral fidaxomicin and oral vancomycin in a subset of patients with a first CDI recurrence. The published results for this subgroup analysis included 128 patients in the per protocol population who experienced an episode of CDI in the three months before randomization. Clinical cure for patients among this subpopulation was \>90% for both fidaxomicin and vancomycin. However, a second recurrence was less frequent among patients who received fidaxomicin (19.7% versus 35.5% for vancomycin; P=0.045) ([@b19-jidmm-26-305]).

Oral fidaxomicin compared with oral vancomycin for the treatment of CDI among patients with cancer was assessed by Cornely et al ([@b15-jidmm-26-305]). Patients with solid tumours and/or hematological malignancies were identified according to system organ class and preferred term from active medical history entries of case report forms after coding by MedDRA version 10.0 (MedDRA, USA) according to indications for concomitant medication entries and treatment-emergent adverse events. In total, 183 patients in the mITT population with active cancer were identified. The likelihood of CDI recurrence following treatment for patients with and without cancer was similar. Among patients with cancer, recurrence occurred in 13.5% of those treated with fidaxomicin versus 29.6% treated with vancomycin (P=0.018) ([@b15-jidmm-26-305]). Recently, Esmaily-Fard et al ([@b59-jidmm-26-305]) treated 22 cancer patients (lymphomas, leukemias and solid tumours) with CDI using fidaxomicin. Fidaxomicin was used in these patients because of recurrent CDI (16 of 22 \[72%\] patients) or failure of both oral metronidazole and oral vancomycin (six of 22 \[28%\] patients). Despite 19 of 22 (86%) patients receiving concomitant antimicrobials during CDI treatment, clinical response occurred in 91% of patients and overall sustained clinical response was observed in 82%. The researchers concluded that in cancer patients, fidaxomicin is an effective treatment for a first episode of CDI after failure of standard therapies and for treatment of recurrent CDI ([@b59-jidmm-26-305]). However, in view of the small number of patients evaluated and the study design (retrospective case series) further data are required to support these conclusions.

Treatment of CDI with fidaxomicin in comparison with vancomycin among the subgroup of patients with renal impairment was evaluated by Mullane et al ([@b16-jidmm-26-305]). Creatinine clearance (CrCl) was estimated using the Cockcroft-Gault equation with serum creatinine from a blood sample obtained on day 1 before the first dose of study medication. Patients were stratified according to renal function using criteria from the National Kidney Foundation Kidney Disease Outcomes Quality Initiative ([@b60-jidmm-26-305]) as follows: normal (CrCl \>90 mL/min/1.73 m^2^), stage 2 (CrCl 60 mL/min/1.73 m^2^ to 89 mL/min/1.73 m^2^), stage 3 (CrCl 30 mL/min/1.73 m^2^ to 59 mL/min/1.73 m^2^), stage 4 (CrCl 15 mL/min/1.73 m^2^ to 30 mL/min/1.73 m^2^), stage 5 (CrCl \<15 mL/min/1.73 m^2^). At baseline, 57.9% of patients in the mITT population with a CrCl estimate available had abnormal renal function. In a multivariate analysis, patients with stage 2 or higher chronic kidney disease were less likely to be cured of CDI (OR 0.53; P=0.03), and patients with stage 3 or greater chronic kidney disease were more likely to have a recurrence (OR 1.8; P=0.024). Oral fidaxomicin was associated with a lower risk for recurrent CDI relative to oral vancomycin, independent of renal function ([@b16-jidmm-26-305]). The reader is cautioned about placing extensive weighting on data obtained from the subgroup analysis because the data obtained from these post hoc analyses were not as rigorous as those obtained from analyses of primary end point data.

REAL-WORLD EXPERIENCE
=====================

Several observational studies describing the real-world use of fidaxomicin have been published ([@b61-jidmm-26-305]--[@b65-jidmm-26-305]). Vargo et al ([@b61-jidmm-26-305]) evaluated the clinical outcome of 61 patients treated for CDI with fidaxomicin at a single centre. Fifty-five (90.2%) patients received treatment for CDI in the preceding 30 days, concomitant antimicrobials were used by 60.7%, and severe infection was present in 31.1%. Slightly more than one-half of the patients received fidaxomicin in combination with another recognized treatment for CDI. Clinical cure was achieved in 72.1% of patients. Among patients who achieved clinical cure, recurrence was documented in 13.6%. Eiland et al ([@b62-jidmm-26-305]) also assessed the clinical efficacy of fidaxomcin in a single centre, retrospective cohort study. Sixty patients were included in the analysis. Severe or severe-complicated disease was present in 45% of patients, concomitant antimicrobials were being administered to 55%, and 43.3% were being treated for a second or greater CDI episode. Overall, 96.7% of patients achieved clinical success, with recurrence documented in 10.3%. The difference in clinical efficacy reported between these two real-world evaluations and the phase 3 fidaxomicin clinical trials likely relates to differences among the patient populations studied ([@b13-jidmm-26-305],[@b14-jidmm-26-305],[@b61-jidmm-26-305],[@b62-jidmm-26-305]).

Clutter et al ([@b63-jidmm-26-305]) evaluated fidaxomicin for the treatment of CDI in recipients of a solid organ or hematopoietic stem cell transplant in comparison with conventional therapy (oral vancomycin and/or oral metronidazole). Fifty-nine transplant recipients were included in the analysis. Clinical cure was documented among 67% of patients (10 of 15) that received fidaxomicin versus 89% of patients (41 of 44) who received conventional therapy (P=0.06, not significant). Recurrence occurred in 7% of patients in both study groups. The non-randomized design of the study and small number of patients included make it difficult to draw significant conclusions concerning the efficacy of fidaxomicin relative to conventional therapy. Penziner et al ([@b64-jidmm-26-305]) assessed the efficacy of fidaxomicin for the treatment of CDI among patients admitted to a critical care unit in comparison with patients treated on a general medicine ward. In total, 50 patients were included in the analysis, of whom 20 were receiving care in a critical care unit. Forty percent of patients treated in a critical care unit setting had severe-complicated disease as opposed to 10% of patients on a general medicine ward (P=0.031). Clinical cure was reported in 60% of patients treated in a critical care unit versus 67% of those treated on a general medicine ward (P=0.9). The response rate for patients having severe or severe-complicated CDI, irrespective of study location (critical care unit or medicine ward), was only 46%, in comparison with a response rate of 81% for patients with mild to moderate disease (P=0.02). Life-threatening or fulminant CDI was an exclusion criterion for the two large phase 3 fidaxomicin clinical trials ([@b13-jidmm-26-305],[@b14-jidmm-26-305]). The results from Penziner et al ([@b64-jidmm-26-305]) support caution with using fidaxomicin monotherapy to treat severe-complicated CDI until further data are available.

Novel fidaxomicin treatment regimens have also been assessed among patients with multiple CDI recurrences. Soriano et al ([@b65-jidmm-26-305]) evaluated the efficacy of fidaxomicin administered as a 10-day chaser following a treatment course of oral vancomycin (n=8 patients). The study patients had between three and 10 CDI episodes. Five of the eight patients (62%) did not experience a further CDI recurrence following the fidaxomicin chaser. The same investigators also assessed a tapering regimen of fidaxomicin over 14 to 21 days following a 10-day fidaxomicin treatment course. The tapering regimen was evaluated in 11 patients who had between three and 11 CDI episodes. Nine patients (82%) did not experience a further recurrence of CDI. The reader is cautioned about placing extensive weighting on these real-world experience data because frequently these data are noncomparative and the studies include only a small number of patients treated.

ADVERSE EFFECTS
===============

Fidaxomicin has been well tolerated in clinical trials. In the two phase 3 clinical studies (OPT-80-003 and OPT-80-004), adverse events were not significantly different among the fidaxomicin and vancomycin treatment groups ([@b13-jidmm-26-305],[@b14-jidmm-26-305],[@b66-jidmm-26-305]). Adverse events possibly or definitely related to study treatment were primarily gastrointestinal in nature, and included nausea, vomiting, diarrhea, abdominal pain and constipation ([@b13-jidmm-26-305],[@b14-jidmm-26-305]). Gastrointestinal adverse events requiring study discontinuation occurred in 2.3% of patients treated with fidaxomicin versus 1.4% of patients receiving vancomycin (P=0.24) ([@b66-jidmm-26-305]). At present, there are a lack of data regarding fidaxomicin use during pregnancy ([@b66-jidmm-26-305]).

It should be noted that hypersensitivity reactions to fidaxomicin have been reported postmarketing. Iarikov et al ([@b67-jidmm-26-305]) summarized data for 12 patients presenting with a hypersensitivity reaction in association with fidaxomicin use. Onset of symptoms occurred between 1 h and 7 days after starting fidaxomicin. The clinical presentation included facial, tongue or throat swelling, a burning sensation in the throat and rash. In two patients, symptoms recurred with re-exposure to fidaxomicin ([@b67-jidmm-26-305]). The US Food and Drug Administration has added a warning about the possibility of hypersensitivity reactions to the fidaxomicin prescribing information (Dificid monograph). Hypersensitivity to fidaxomicin is listed as a contraindication to the use of this antimicrobial (Dificid monograph).

PHARMACOECONOMICS
=================

Oral fidaxomicin has demonstrated superiority to oral vancomycin in achieving a sustained clinical response for CDI (in patients infected with non-BI/NAP1/027 strains), and this superiority is maintained in both severe and non-severe CDI, as well as in patients with a high risk for recurrent CDI ([@b68-jidmm-26-305]). Whole-genome sequencing has recently demonstrated that this is due to fidaxomicin significantly reducing both the risk for relapse and reinfection ([@b69-jidmm-26-305]). The increase in efficacy of oral fidaxomicin in preventing recurrent CDI relative to oral vancomycin should, however, be balanced with the increased cost of this antimicrobial. The acquisition cost of a 10-day course of fidaxomicin is significantly higher (five to \>20 times) than the cost of a 10-day course of oral vancomycin (depending on the vancomycin formulation used). Wagner et al ([@b70-jidmm-26-305]) developed a decision-tree model to determine the incremental cost per recurrence avoided by treating patients having severe CDI with oral fidaxomicin in comparison with oral vancomycin. This model considered patients treated in the Canadian health care system, and costs were presented in Canadian dollars. For a cohort of 1000 patients, the model predicted that treatment of severe CDI with fidaxomicin would result in an incremental cost of \$13,202 per recurrence avoided. Furthermore, among 1000 patients with recurrent CDI, treatment with fidaxomicin would result in an incremental cost of \$18,190 per second recurrence avoided. Overall, use of fidaxomicin for the treatment of patients with severe CDI was associated with a cost increase for the Canadian health care system ([@b70-jidmm-26-305]).

Stranges et al ([@b71-jidmm-26-305]) performed a cost utility analysis comparing oral fidaxomicin versus oral vancomycin for CDI treatment, using a decision analytic model from a third-party payer perspective (United States). These investigators reported an incremental cost-effectiveness ratio of USD\$67,576/quality adjusted life-year (QALY) with fidaxomicin. Their analysis suggested that fidaxomicin may be cost effective in the US health care system based on a willingness to pay threshold of USD\$100,000/QALY ([@b71-jidmm-26-305]). Nathwani et al ([@b72-jidmm-26-305]) used a one year time horizon Markov model with seven health states to analyze the cost-effectiveness of oral fidaxomicin versus oral vancomycin for the treatment of CDI from the perspective of Scottish public health care providers. This analysis was limited to patients with severe CDI or a first CDI recurrence. The main outcome was the incremental cost-effectiveness ratio expressed as a cost per QALY in British pounds, interpreted using a willingness to pay threshold of UK£20,000/QALY and UK£30,000/QALY. Fidaxomicin was found to be cost effective for severe CDI (incremental cost-effectiveness ratio = UK£16,529/QALY) and dominant (more effective and less costly) in patients who were treated for a first recurrence ([@b72-jidmm-26-305]). A pharmacoeconomic analysis may be warranted for hospitals that are considering adding fidaxomicin to the formulary.

GUIDELINES/PLACE IN THERAPY
===========================

The European Society of Clinical Microbiology and Infectious Diseases recently published updated guidelines regarding the treatment of CDI ([@b73-jidmm-26-305]). For treatment of an initial episode of nonsevere CDI, oral metronidazole is recommended, while oral fidaxomicin is considered a possible alternative therapy. For treatment of severe CDIs, oral vancomycin is recommended, with fidaxomicin again considered to be a potential alternative therapy. The guidelines further caution that there are no data currently available to support the use of fidaxomicin in life-threatening CDIs related to exclusion criteria in the two large phase 3 trials. Fidaxomicin is a recommended antimicrobial for treating patients with a first recurrence of CDI and for patients experiencing multiple recurrences ([@b73-jidmm-26-305]). Public Health England also published guidelines in 2013 regarding therapy for CDI ([@b74-jidmm-26-305]). These guidelines suggest consideration of fidaxomicin for patients with severe CDIs who are believed to be at high risk for recurrence, including elderly patients with multiple comorbidities and patients who are receiving concomitant antimicrobials. Fidaxomicin is further recommended by Public Health England as the preferred option for patients with recurrent CDI, regardless of disease severity ([@b74-jidmm-26-305]). North American CDI treatment guidelines from the Society for Healthcare Epidemiology of America and the Infectious Diseases Society of America have not been updated since fidaxomicin received US Food and Drug Administration approval for CDI treatment ([@b1-jidmm-26-305]).

SUMMARY
=======

Fidaxomicin is noninferior to oral vancomycin in terms of clinical response at the end of CDI therapy. Fidaxomicin has been demonstrated to be as safe as oral vancomycin, but superior to vancomycin in achieving a sustained clinical response of CDI in patients infected with non-BI/NAP1/027 strains. Fidaxomicin superiority in patients infected with non-BI/NAP1/027 strains is maintained in both severe and nonsevere CDI, as well as in patients with a high risk for recurrent CDI. Caution should be exercised in using fidaxomicin monotherapy for treatment of severe complicated CDI because limited data are available. Whether fidaxomicin is cost effective (due to its significantly higher acquisition cost versus oral vancomycin) depends on the willingness to pay threshold per QALY as a measure of assessing cost effectiveness.
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###### 

In vitro activity of fidaxomicin against Gram-positive bacteria other than *Clostridium difficile*

  **Bacterium**                                           **Fidaxomicin MIC, μg/mL**   **Isolates tested, n**
  ------------------------------------------------------- ---------------------------- ------------------------
  *Aerococcus*                                            0.5--16                      10
  *Bacillus cereus*                                       1                            2
  *Bifidiobacterium*                                      ≤0.015--0.125                22
  *Bifidiobacterium longum*                               0.125                        1
  *Clostridium perfringens*                               ≤0.015--0.125                22
  *Clostridium innocuum*                                  \>32                         20
  *Clostridium ramosum*                                   \>32                         20
  *Eggerthella lenta*                                     ≤0.015--0.25                 20
  *Enterrococcus faecalis*                                0.5--4                       63
  *Enterococcus faecium*                                  1--8                         64
  *Eubacterium limosum*                                   16--\>32                     20
  *Finegoldia magna*                                      0.5--2                       21
  *Lactobacillus*                                         ≤0.015--\>32                 24
  *Lactobacillus acidophilus*                             \>32                         2
  *Lactobacillus casei*                                   1--2                         2
  *Lactobacillus rhamnosus*                               8--16                        2
  *Micrococcus luteus*                                    ≤0.125                       4
  *Micromonas micros*                                     0.125                        1
  *Parvimonas micra*                                      ≤0.015--2                    20
  *Peptostreptococcus anaerobius*                         ≤0.015--0.03                 22
  *Peptostreptococcus (Peptoniphilus) asaccharolyticus*   1                            2
  *Peptococcus (Finegoldia) magna*                        0.5                          1
  *Peptococcus (Micromonus) micros*                       0.125                        1
  *Propionibacterium acnes*                               8                            2
  *Staphylococcus aureus*                                 2--16                        100
  *Staphylococcus epidermidis*                            1--4                         3
  *Staphylococcus intermedius*                            4                            1
  *Staphylococcus,* coagulase-negative                    ≤0.05--8                     60
  *Streptococcus agalactiae*                              16--32                       2
  *Streptococcus anginosus*                               4--\>32                      21
  *Streptococcus constellatus/intermedius*                4--\>32                      26
  *Streptococcus pyogenes*                                4--16                        23
  *Streptococcus pneumoniae*                              \>32                         2
  *Streptococcus sanguinis*                               32                           1

Adapted from references [@b31-jidmm-26-305], [@b34-jidmm-26-305]--[@b41-jidmm-26-305]. MIC Minimum inhibitory concentration

###### 

Minimum inhibitory concentration (MIC) determinations for fidaxomicin, OP-1118, vancomycin and metronidazole against toxin-positive clinical isolates of *Clostridium difficile*

  **Antimicrobial agent**   **Isolates tested, n**   **MIC range, μg/mL**   **MIC~50~, μg/mL**   **MIC~90~, μg/mL**   **Reference**
  ------------------------- ------------------------ ---------------------- -------------------- -------------------- ---------------
  Fidaxomicin               208                      0.06--1                0.25                 0.5                  27
  110                       0.015--0.25              0.125                  0.125                42                   
  135                       ≤0.004--8                0.125                  0.25                 31                   
  38                        ≤0.008--0.25             0.125                  0.125                43                   
  719                       0.003--1                 0.125                  0.25                 30                   
  114                       0.008--0.125             0.06                   0.125                44                   
  50                        0.06--1                  0.25                   0.5                  45                   
  50                        0.03--0.5                0.25                   0.5                  41                   
  OP-1118                   135                      0.25--\>128            4                    8                    31
  Vancomycin                208                      0.5--4                 0.5                  1                    27
  719                       0.25--8                  1                      2                    30                   
  114                       0.125--1                 0.5                    0.5                  44                   
  Metronidazole             208                      0.25--4                0.5                  1                    27
  719                       0.02--4                  0.5                    1                    30                   
  114                       0.125--2                 0.5                    1                    44                   

MIC~50~ MIC required to inhibit the growth of 50% of organisms; MIC~90~ MIC required to inhibit the growth of 90% of organisms

###### 

Stool and plasma concentrations of fidaxomicin and OP-1118 in patients with *Clostridium difficile* infection treated for 10 days with fidaxomicin

  **Fecal concentrations, μg/g**   **Fidaxomicin and OP-1118 plasma concentrations, n**                                                            
  -------------------------------- ------------------------------------------------------ ---------- --------- ---- ---- ---- --- --- --- ---- --- ---
                                                                                                                                                   
  100                              11                                                     256±136    393±260   14   12   2    0   0   1   11   2   0
  200                              9                                                      442±238    430±263   16   7    8    1   0   2   8    5   1
  400                              13                                                     1433±975   760±373   16   3    11   2   0   0   7    9   1

Adapted from reference [@b46-jidmm-26-305]

###### 

Summary of treatment outcomes for patients with *Clostridium difficile* infection treated with fidaxomicin (FDX) or vancomycin (VAN) from two phase 3 randomized double-blind clinical trials (modified intent to treat)

  **Study**    **Clinical response**   **Patients recurrence**   **Sustained response**                                                             
  ------------ ----------------------- ------------------------- ------------------------ ---- ------ ------ ------- --------- ------ ------ ------ -------
  OPT-80-003   88.2                    85.8                      2.4                      NI   15.4   25.3   −9.9    0.005     74.6   64.1   10.5   0.006
  OPT-80-004   87.7                    86.8                      0.9                      NI   12.7   26.9   −14.2   \<0.001   76.6   63.4   13.2   0.001

Data presented as % unless otherwise indicated. Study OPT-80-003: FDX n=287, VAN n=309; Study OPT-80-004: FDX n=253, VAN n=257. Adapted from references [@b13-jidmm-26-305] and [@b14-jidmm-26-305]. NI Noninferior

###### 

Recurrence in subpopulations of patients with *Clostridium difficile* infection treated with fidaxomicin or vancomycin in a post hoc analysis of two phase 3 randomized double-blind clinical trials

  **Subpopulation**                                                        **Percentage of patients with recurrence**                  
  ------------------------------------------------------------------------ -------------------------------------------- ------ ------- -------
  Concomitant antibiotics[^\*^](#tfn5-jidmm-26-305){ref-type="table-fn"}   16.9                                         29.2   −12.3   0.048
  Previous CDI episode[^\*^](#tfn5-jidmm-26-305){ref-type="table-fn"}      19.7                                         35.5   −15.8   0.045
  Cancer                                                                   13.5                                         29.6   −16.1   0.018
  Renal impairment                                                                                                                     
    Stage 2                                                                14.3                                         24.3   −10.0   0.040
    Stage 3                                                                21.4                                         33.0   −11.6   0.080
    Stage 4 or higher                                                      14.7                                         31.6   −16.9   0.092

Per protocol population; all other data represent the modified-intent-to-treat population. Adapted from references [@b15-jidmm-26-305]--[@b19-jidmm-26-305]
